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ABSTRACT 


Acoustic  tests  of  the  completed  ARTEMIS  acouiitic  souice  were  conducted  In  Northwest 
Providence  Channel  in  November  1965.  A  rigid  190  foot  hydrophone  boom  pivoted  at  the 
base  of  the  array  structure  enabled  stable  and  accUVate  positioning  of  hydrophones  at  points 
in  a  vertical  plane  from  2.5  degrees  above  to  22. 5 degrees  below  the  acoustic  axis  of  the 
source,  ■' 

The  transfer  function  between  the  input  to  the  amplifiers  and  the  hydrophone  output  was 
measured  over  the  frequency  range  from  300  to  500  hertz  for  two  types  of  signals,  continuous 
wove  and  pseudorandom  sequences.  Continuous  wave  measurements  were  made  using 
conventional  phase  and  amplitude  measuring  instrumentatior>  whereas  the  measurements  with 
pseudorandom  sequences  were  performed  with  a  cross-power  spectrum  analyzer.  The  cross¬ 
power  spectrum  analyzer  was  also  used  to  obtain  correlation  functions  between  the  signal 
input  and  acoustic  output.  Twenty  transducer  elements  were  Instrumented  with  accelerometers 
and  appropriate  instrumentation  was  provided  to  permit  moniforing  of  transducer  element 
spring  deflections,  since  the  transducer  springs  ore  the  critical  factor  limiting  the  allowable 
power  input. 

This  report  Includes  a  description  of  instrumentation,  test  procedures,  and  analysis  of  the 
methods  employed , 


PROBLEM  AUTHORIZATION 

ONR  RS  046 
NRL  Problem  55S02-1 1 

PROBLEM  STATUS 

This  is  an  Interim  report  on  one  phase  of  this  project.  Work  Is  continuing  . 
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INTRODUCTION 

The  completed  and  modified  ARTEMIS  acoustic  source  was  tested^  in  July  1964 
to  determine  its  operating  characteristics  and  define  the  maximum  allowable 
power  input  as  o  function  of  operoting  frequency. 

Measurement  of  the  electro-acoustic  tronsfer  function  requires  a  means  of  placing 
monitor  hydrophones  at  accurately  known  and  stable  locations  in  the  acoustic 
field.  A  further  requirement  is  that  the  hydrophones  be  located  a  sufficient 
distance  from  the  source  to  opproximate  far-fleld  conditions.  To  meet  these 
conditions/  a  rigid  190  foot  hydrophone  boom  was  constructed.  The  boom,  when 
attached  to  the  transducer  array,  provided  a  stable  and  movable  support  for 
monitor  hydrophones. 

Acoustic  tests,  employing  the  190  foot  hydrophone  boom,  were  conducted  in 
Northwest  Providence  Channel  during  November,  1965.  Tests  were  conducted 
with  the  transducer  array,  with  boom  attached,  suspended  beneath  the  source 
ship,  the  USNS  MISSION  CAPISTRANO  (T-AG  162),  at  a  depth  of  600  feet. 

The  transfer  functions  between  the  input  to  the  amplifiers  and  the  hydrophone 
outputs  were  measured  over  the  frequency  range  of  300  to  500  hertz  for  propagation 
angles  relative  to  the  ocoustie  axis  of  2.5  degrees  above  the  axis  through  22.5 
degrees  below  the  axis.  Correlation  functions  between  the  signol  Input  and 
acoustic  output  were  also  obtained  as  were  records  of  a  sampling  of  transducer 
element  spring  deflections« 

The  following  sections  of  this  report  describe  details  of  the  test  procedures  and 
of  the  instrumentation  employed  as  welt  as  analyses  of  the  experimental  methods. 
Results  of  the  tests  ore  described  in  a  separate  report"  . 


HYDROPHONE  BOOM 

To  achieve  phase  measurement  accuracy  of  it  was  necessary  to  position 
the  hydrophones  with  a  stability  of  foot  in  range.  Positional  stability 
of  this  order  at  distances  from  the  array  sufficient  to  approach  the  far-field 
required  design  and  fobricatlon  of  a  rigid  190  foot  boom.  The  boom  was 
attached  and  pivoted  from  the  center  of  the  lower  edge  of  the  array  face,  as 


^  .  NRL  Confidential  Memorandum  Report  1648  "Test  of  Project  ARTEMIS 
Acoustic  Source",  R.  H,  Ferris,  September  1965. 

"  .  NRL  Confidential  Report  6534  "Profeot  ARTEMIS  Acoustic  Source  Performance 
Characteristics";  R.  H.  Ferris,  C.  R.  Rollins, _ 1966. 
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shown  in  Fig.  1.  A  close-up  view  of  the  pivot  point  is  shown  in  Fig.  2,  I  he 
boom  was  supported  by  a  single  wire  rope  attached  at  a  point  approximately 
50  feet  out  from  the  base  and  extending  to  a  hoisting  drum  mounted  on  top  of 
the  array  structure.  Figure  3  .is  a  photograph  of  the  hoisting  drum  and  the 
attachment  of  the  wire  rope  to  the  boom.  The  boom  pivoted  in  a  vertical  plane 
only.  The  hoisting  drum  was  arranged  with  three  locked  positions  to  provide  for 
three  fixed  operating  depression  angles  of  the  boom.  The  drum  was  also  capable 
of  raising  the  boom  to  a  stowed  position  against  the  face  of  the  array. 

A  16-foot  spar  was  attached  at  its  midpoint  to  the  end  of  the  boom,  making  an 
angle  of  98  degrees  with  the  top  edge  of  the  boom  in  the  vertical  plane  (see 
Fig.  1).  Three  hydrophones  were  attached  to  the  spar:  one  at  each  end  and 
one  in  the  center.  The  three  operoting  positions  of  the  boom  provided  hydrophone 
positions  relative  to  the  array  as  shown  in  Table  A-i .  In  addition,  measurements 
were  obtained  at  intermediate  boom  positions  for  a  few  frequencies. 

The  boom  was  fabricated  In  ten  sections  which  could  be  bolted  together.  The 
28-foot  2-Inch  long  base  section,  and  two  of  the  20-f6ot  long  sections,  together 
with  the  mounting  base  plote  end  hoisting  equipment,  were  assembled  and  installed 
at  dockside  with  the  three  boom  sections  In  the  vertical  (stowed)  position  as 
shown  In  Fig.  4.  On  station,  the  array  wos  lowered,  and  the  additional  eight 
boom  sections  were  bolted  in  place  as  the  bp  of  each  installed  section  neared 
water  level .  The  hydrophones  were  assembled  b  the  spar,  and  then  the  assembly 
was  bolted  to  the  boom  end  section.  The  hydrophone  cables  were  lashed  to 
the  boom  during  assembly  and  routed  from  the  hydrophones  b  the  base  of  the 
boom,  to  the  top  of  the  array  structure,  and  then  to  the  deck  of  the  ship.  Between 
the  arroy  and  the  deck  of  the  ship,  the  hydrophone  cobles  were  lashed  at  100- 
foot  intervals  to  the  double-armored  instrumentation  cable  of  the  source.  A 
fourth  electrical  cable,  which  connected  a  position  sensor  (synchro)  at  the  base 
of  the  boom,  was  routed  with  the  hydrophone  cables  and  provided  a  direct 
readout  of  the  ongle  of  the  boom  relative  b  the  orray. 

When  the  boom  and  hydrophone  assembly  was  complete,  the  array  was  lowered 
until  the  boom  was  clear  of  the  ship's  botbm,  and  a  tagline  over  the  side  of 
the  ship  was  used  b  pull  the  boom  away  from  its  stowed  position  against  the 
array  face.  The  hoisting  drum,  powered  from  a  wire  rope  foirleaded  to  a  deck 
winch,  lowered  the  boom  b  the  first  boom  position.  The  array  was  then  raised 
until  the  hoisting  drum  depth  was  50  feet,  and  divers  Inspected  the  locking 
mechanism  on  the  drum.  The  array  was  then  lowered  b  the  operating  depth  of 
600  feet. 
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To  chonge  the  boom  position,  the  array  was  raised  to  the  50*<fbot  depth  and 
uivcii  t«3l«u»ou  ilio  iucKiriy  mechanism.  The  boom  was  adjusted  to  the  new 
position  by  means  of  the  winch  apd  hoisting  drum,  and  the  divers  again  checked 
the  locking  mechanism  before  the  array  was  lowered  to  operating  depth.  Upon 
completion  of  the  measurement  program,  the  boom  was  disassembled  as  it  emerged 
through  the  array  well .  Intermediate  raising  of  the  array  did  not  require 
disassembly  of  the  boom  except  for  removal  of  the  hydrophone  spar.  A  photograph 
of  the  raised  boom  during  transit  is  shown  in  Fig.  5. 

Operation  of  the  boom  proved  very  successful  and  no  difficulty  in  assembly  or 
handling  was  encountered. 


ACOUSTICAL  MEASUREMENTS 

Three  types  of  acoustical  measurements  were  madeiisetween  the  console  input  and 
hydrophone  output  as  follows: 

1.  Transfer  function  meosnrements  (amplitude  and  phase)  using  continuous- 
wave  sinusoidal  excitation. 

2.  Transfer  function  meosurements  (amplitude  and  phase)  using  pseudorandom- 
signal  excitation. 

3.  Cross-correlation  measurements  between  the  electrical  signal  Input  and 
the  hydrophone  outputs. 

In  addition,  measurements  of  the  radiated  noise  spectrum  were  made.  The 
hydrophone  sensitivities  were  as  follows:  h^  «  94.5  db,  hg,®''  94-3  db, 

h^  »  94.5  db.  Cable  loss  of  0.6  decibel  was  Included  when  the  data  were 

adjusted  for  hydrophone  sensitivity  and  range. 

Prior  to  obtaining  data  at  any  operating  position,  a  reverberation  check  was 
made  by  transmitting  50-milliseeond  pulses  at  one-second  Intervals  and  observing 
and  photographically  recording  the  reverberation  level.  Reverberation  levels 
were  negligible  (less  than  one  percent)  except  for  hydrophone  positions  on  the 
beam  null  where  the  reverberation  level  approached  ten  percent  in  some  cases. 
However,  in  all  cases,  the  difference  between  continuous-wave  amplitude  and 
pulsed  amplitude  was  negligible.  Therefore,  continuous  signals  were  used  for  the 
sinusoidal  transfer-function  measurements. 
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Continuous- Wave  Iranster  Function  AAeasuremenfs  -  Figure  6  is  a  block  diagram 
of  the  instrumentaHon  used  to  oWaln  tlie  continuous-wave  transfer  function 
measurements.  The  objective  of  the  measurements  was  to  obtain  the  far-fleld 
transfer  function  (jj)  referred  to  zero  range;  t.e.,  with  the  propagation  delay 

removed.  This  was  accomplished  b/  setting  the  delay  circuit  equal  to  the 

calculated  acoustic  propagation  time.  Thus,  the  phase  counter  start  pulse, 
originating  in  the  reference  signal,  was  delayed  by  a  time  equal  to  the  propagation 
time,  and  the  measured  phase  corresponded  to  the  hydrophone  phase  referred  to 
zero  range.  These  measurements  were  made  for  nine  fixed  hydrophone  positions 
plus  intermediate  positions  for  some  frequencies.  (Three  fixed  hydrophone  positions 
for  each  boom  position.  Refer  to  Table  A-l).  The  measurements  were  obtained 
for  frequencies  between  300  and  500  hertz,  and  for  current  levels  from  20  to  120 
amperes,  as  shown  in  Table  A-2.  These  •xinges  of  frequency  and  current  were 
selected  to  conform  to  the  maximum  allowable  power  input  to  the  transducer  array. 

Pseudorandom-Signal  Transfer  Function  Measurements  -  Transfer  function 
measurements  were  made  using  broadband  (^S-perceTit  bandwidth)  phase-modulated 
pseudorandom  signals  in  order  to  determine  If  transducer  nonlinearities  affect 
the  transfer  function  for  different  forms  of  signals.  These  signals  were  generated 
using  a  linear  shift  register  with  shift  rates  of  50  hertz  and  100  hertz.  The  50- 
hertz  shift  rote  was  used  with  an  1 1-bit  register  and  the  100-hertz  rate  was  used 
with  a  12-bit  register  to  produce  a  signal  length  of  42  seconds  in  each  case.  The 
shift-register  outout  caused  a  180-degree  phase  shift  In  the  400-hertz  Carrier, 
thus  producing  a  signal  with  o  400-hertz  frequency  and  pseudorandom  phase- 
reversal  modulation,  (The  11-bIt  register  code  ®  was  5205E  and  the  12-bit 
register  code  was  10123F.)  Figure  7  is  a  plot  of  the  power  spectra  for  thei 
two  signals.  ' 

All  measurements  were  made  at  four-hertz  Increments  of  frequency  from  350 
through  450  hertz  with  an  analyzing  bandwidth  of  four  heitz,  a  transducer  depth 
of  600  feet,  and  an  Input  current  of  85  amperes.  Frequency-modulated  magnetic 
tape  recordings  were  made  of  all  hydrophone  outputs,  together  with  the  delayed 
reference,  clock  frequency,  and  amplifier  output  voltoge.  Block  diagram  of  tho 
pseudorandom  transfer  function  Instrumentation  and  of  the  spectrum  analyzer  are 
shown  in  Figs,  8  and  9  respectively.  Fig.  10  Is  a  photograph  of  the  pseudorandom 
generator  (left)  and  spectrum  anolyzer  (right)  installed  on  the  USNS  MISSION 
CAPISTRANO. 


”  .  W.  Wesley  Peterson  "Error  Correcting  Codes",  The  MIT  Press,  1961. 
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liie  uoaiivw  * ^n-w*#'.***  ••  •••'-  *—•  '•/  —  “r** - - r-- 

range  divided  by  the  signol  generator  voltage  hydrophone 

voltage  is  directly  proportional  to  the  pressure,  the  transfer  function  thus  measured 
is  related  by  a  constant  to  the  hyidrophone  pressure  to  input  voltage  ratio.  Letting 
T  represent  the  propagation  delay,  we  have; 

T 

Vq'(i»)  =  VQ((il)e"'%  , 


VQ(uj)e,'  p 


The  transfer  function  between  two  points  In  a  linear  system  can  be  shown 
to  be  given  by  the  following  relationship; 


H((d) 


S  (uj) 
xy'  ' 

xx'  ' 


(see  Ref.  *) 


where 

S  (lu)  “  cross“power  spectral  density  between  inputs  x  and  y,  and 
xy,. 

Sx^(ou)  *  power  spectral  density  of  Input  x. 

Therefore,  the  analyzer  outputs  giving  the  real  and  Imaginary  parts  of 

provide  the  correct  amplitude  and  phase  ratios  for  determining  the  desired  transfer 
function  between  the  Input  and  hydrophone  output,  when  the  actual  analyzer 
Inputs  are  Vq'  and  . 

The  cross-power  spectral  density,  S_(u»)»  I*  defined  as; 

Jsy. 


*,  "PiobablUty,  Random  Variables,  and  Stochastic  Processes",  Athanasios 
Papoulls,  McGrow  Hill,  1965. 
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’V  Y_  00  T 

where 

T  -|u)t 

X(u))  =  J  x(t)e  dt  =  A(u))  +  |B(uii)/ 


Y('JJ)  =  J*  y(t)e  =  C(u))  +  jD((i)). 


T 

A(u))  “  J*  x(t)coK»)tdt  *  ReIX((jj)]/ 

O 

T 

B(u))  =  J*  x(Ostnu)tdt  =  lm[X((i))]/ 

,  0 

T 

C(u))  «  /  y(t')co8U)tdt  =  Re[Y(ti;)]/ 
T 

D((«)  =  /  y(t)ilnt»tdt  =  lm[Y(u))], 


Since  A(u))  Is  an  even  function  and  B(ui))  Is  an  odd  function, 

X(-u))  *  A(u))  -  |B(iu). 

Therefore, 

s  (uu)  - 

xy'  T-^o  T 

It  can  be  seen  from  the  block  dlagrom  (Fig .  9)  that  the  analyzer  performs  the 
above  operations,  operating,  however,  over  a  finite  Integration  time  T^.  The 

pseudorandom  sequences  employed  were  of  42  seconds  duration  and  the  Integrators 
were  gated  to  Integrate  over  this  Interval  and  then  hold  for  a  manual  readout. 
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Cross-Correlotlon  Meosuretnents  -  Figure  II  h  a  block  diagram  of  the 
instrumentation  used  to  obtain  cross-correlotion  measurements  between  the 
pseudorandom  signal  generator  apd  the  hydrophone  output  signals.  The  delay, 

T,  was  adjustoble  In  Increments  oIF  0.2  mtilisecorKis,  with  a  rar^e  sufficient 
to  obtain  results  for  r  =  ±30  mlllliieconds.  The  pseudorandom  signal  generator 
used  was  the  same  as  used  for  the  cross-spectrum  measurements.  The  signals 
employed  were  phase-modulated  pseudorandom  sequences  of  400-hertz  center 
frequency  and  modulation  rates  of  50  and  iOO  hertz.  Cross-correlation 
measurements  were  made  with  the  sigrwl  from  each  hydrophone  at  eoch  boom 
position.  In  addition,  the  generator  ond  hydrophone  powers  were  measured 
for  use  in  the  rrormalized  cross-correlation  coefficient. 

Noise  Spectrum  Measuremenh  -  Noise  spectrum  meesurements  were  obtolned  at 
tbe  output  ot  one  o^  the  rnonltor  hydrophones  through  the  use  of  a  wave  anolyzer 
having  a  seven  hertz  analyzing  bandwidth.  Measurements  were  mode  over  the 
frequency  rongeof  from  60  hertz  to  IS  kllohhertz  both  with  the  array  energized 
at  420  hertz  and  with  the  array  not  energized.  When  the  arrey  was  energized 
a  notch  filter  of  known  insertion  loss  end  tuned  to  420  hertz  was  Inserted  between 
the  hydrophone  output  and  the  wave  anolyzer. 


FAR  FIELD  MEASUREMENT  ACCURACY 

The  acoustical  measurements  were  Intended  to  represent  far-field  volues.  In 
order  to  estimate  the  degree  to  which  the  meesurements  opproxi mated  fdr-field 
values  a  computation  was  made  of  the  field  of  a  hypothetical  array  consisting 
of  160  point  source  profectors  uniformly  distributed  in  a  plane  rectangular  area 
having  the  dimensions  of  the  ARTEMIS  array.  One  hundred  sixty  points  was 
proved  by  an  iterative  proeeu,  to  closely  approximate  an  array  hoving  an 
infinite  number  of  in-phase  projectors.  The  computation  wos  made  at  e  frequency 
of  400  hertz  for  a  hydrophone  distance  from  the  center  of  the  array  of  190  feet 
(the  approximate  range  of  the  experimental  measurements)  and  also  at  far-field 
(infinite  range).  The  far-field  amplitude  was  normalized  to  zero  decibels  on 
the  acoustic  axis  and  the  phase  was  referred  to  zero  degrees  on  axis.  The 
results  are  plotted  in  Fig.  12.  It  can  be  seen  that  the  omplitude  at  a  range  of 
190  feet  approximotes  the  far-field  amplitude  to  within'  0.5  decibels  for  ongles 
in  the  major  lobe  out  to  10  degrees.  The  peak  amplitude  of  the  first  mirtor  lobe 
is  also  accurate  to  within  approximately  0.5  declbpls.  The  first  null,  however, 
shows  a  large  divergence  from  fdr-field  volues.  The  phase  computotions  show  a 
significant  departure  from  far-field  values  at  nearly  all  angles.  However,  the 
significant  characteristics  of  the  phase  data.is  whether  or  not  the  phose  error  is 
a  linear  function  of  frequency  since  an  error  which  is  a  linear  function  of 
frequency  represents  only  a  time  shift  and  does  not  introduce  phase  distortion. 
Table  3  lists  the  moximum  deviation  from  a  linear  phase  shift  within  the  band  of 
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degrees  for  the  far-field  phase  error  Illustrated  in  Fig.  12.  It  can  be  seen  that 
the  deviation  from  a  linear  shift  Is  negligible  for  angles  in  the  major  lobe  out 
to  6  degrees.  At  larger  angles  the  deviation  increases  to  25  degrees  and  some 
phose  distortion  in  broadband  signals  could  be  expected  at  a  range  of  190  feet 
that  would  not  be  present  in  the  far  field. 


TRANSDUCER  ELEMENT  SPRING  DEFLECTIONS 

Prior  to  assembly  and  use  of  the  hydrophone  boom,  the  array  was  submerged  to 
a  depth  of  600  feet  and  the  spring  deflections  of  20  instrumented  elements  were 
observed  for  the  purpose  of  determining  allowable  power  levels  for  various 
sigixil  types.  Figure  13  Is  a  block  diagram  of  the  ARTEMIS  signal  path.  The 
system  could  be  excited  from  the  pseudorandom  signal  (PRS)  generator,  or  from 
the  sinusoidal  generator.  The  sinusoidal  signal  could  be  goted,  using  a  General 
Radio  toneburst  generator.  A  description  of  the  PRS  generator  is  given  In  the 
section  on  acoustical  measurements. 

Previous  experimental  results  indicated  the  need  for  more  Information  about  the 
maximum  spring  deflection  of  the  TR-1 1C  variable  reluctance  element  when 
excited  by  modulated  waveforms.  Since  maximum  power  into  the  array  Is  limited 
by  the  maximum  allowable  spring  deflections,  this  measurement  is  of  considerable 
Importance.  Twenty  transducer  elements  were  Instrumented  as  shown  ichematiealiy 
In  Fig.  14.  The  three  accelerometers,  Oq,  a^,  a^,  were  located  so  that 

//(oq  * 


gives  the  deflection  of  the  top  spring  and 


gives  the  deflection  of  the  bottom  spring. 

Figure  15  Is  a  block  diagram  of  the  instrumentation  system  used  to  obtain  the 
spring  defteetlon  data,  ond  o  photograph  of  the  installed  instrumentation  is 
shown  In  Fig.  16.  The  accelerometer  cables  were  terminated  in  a  junction  box 
mounted  on  the  array  structure.  An  accelerometer  poir  (one  Inner  and 
corresponding  outer  accelerometer)  was  selected  by  the  remotely  controlled 
stepping  switches.  Each  signal  was  amplified  by  a  preamplifier  locoted  in  the 
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|uncMon  box  and  then  transmitted  via  shielded  cable  to  the  instrumentation  room 
aboard  the  ship.  After  high-pass  filtering,  each  channel  was  integrated  twice 
with  respect  to  time,  band'jsass  filtered,  and  the  Inner  and  outer  channels  were 
added  to  give  the  spring  deflection,  which  was  displayed  orv'an  oscilloscope  for 
peck-to-peak  measurement.  The  Instrumented  elements  were  distributed  In  the 
array  as  shown  in  Fig.  17. 


SUMMARY 

An  acoustic  calibration  of  the  ARTEMIS  source  was  performed  during  November 
1965.  The  data  obtained  consisted  of  transfer  functions  using  both  continuous 
wave  and  pseudorandom  signals  over  a  frequency  band  from  300  to  500  hertz  and 
for  angles  In  a  verticol  plane  through  the  acoustic  axis  from  2.5  degrees  above 
the  axis  to  22.5  degrees  below  the  axis.  Additional  data  included  crou- 
correlation  functions  between  the  signal  input  to  driving  amplifiers  and  the 
hydrophone  output,  a  sampling  of  transducer  element  spring  deflections,  and 
noise  spectrum  measurements. 

Monitor  hydrophones  were  positioned  accurately  and  stably  by  the  use  of  a  190 
foot  hydrophone  boom  pivoted  ot  the  bote  of  the  array  structure.  The  boom, 
which  was  designed  for  this  purpose,  proves  to  be  a  practical  device  which 
was  assembled  and  conttolled  without  difficulty.  The  distance  of  the  monitor 
hydrophones  from  the  center  of  the  orray  face  was  approximately  190  feet  varyii^ 
slightly  depending  on  boom  position.  This  ror>ge  is  si^fioient  to  permit  a  good 
approximation  to  far  field  conditions  for  the  major  lobe  within  the  minus  three 
decibel  points.  At  larger  angles  relative  to  the  acoustic  axis  the  approximation 
Is  poorer,  particularly  in  the  vicinity  of  the  first  null  • 

Measurement  of  the  transfer  function  with  both  steady  state  sine  waves  and 
pseudorandom  signals  is  desirable  since  it  is  known  that  electro-acoustic 
transducers  are  not  strictly  linear  devices. 
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TABLE  A-2 


Frequency 

hz 

Bi 

w 

300 

20 

40 

20 

40 

m 

- 

- 

20 

40 

- 

- 

330 

20 

40 

- 

m 

340 

20 

40 

60 

m 

HRH 

- 

350 

20 

60 

80 

120 

355 

20 

60 

80 

120 

360 

20 

60 

80 

- 

365 

20 

60 

80 

120 

370 

20 

40 

60 

80 

120 

375 

20 

40 

60 

80 

120 

380 

20 

60 

80 

120 

385 

20 

60 

80 

beh 

120 

390 

20 

60 

80 

KM 

- 

395 

20 

60 

80 

BOB 

- 

400 

20 

40 

60 

80 

m 

405 

20 

40 

60 

80 

- 

- 

410 

20 

40 

60 

80 

• 

m 

415 

20 

40 

60 

80 

100 

■■ 

420 

20 

40 

60 

80 

100 

- 

425 

20 

40 

60 

80 

- 

- 

430 

20 

40 

60 

«l 

- 

435 

20 

40 

60 

- 

m 

440 

20 

40 

60 

- 

445 

20 

40 

60 

- 

- 

450 

20 

40 

m 

- 

- 

460 

20 

40 

m 

- 

m 

470 

20 

40 

- 

m 

480  : 

20 

40 

M 

- 

490 

20 

40 

60 

m 

500 

20 

40 

60 

Hal 

*■ 
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Fig.  3  -  Hoisting  drunn  and  cable 
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Fig.  5  -  Hydrophone  boom  raised 
for  transit 
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oscillator 
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Fig.  6  -  Block  diagram  of  continuous -wave 
transfer  function  Instrumentation 
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Fig.  8  -  Block  diagram  of  p»eudorandom  signal 
transfer  function  instrumentation 
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Fig.  9  -  Block  diagram  of  spectrum  analyzer 
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Fig. 


1  -  Block  diagram  of  Instrumentation  eystem 
for  croee -correlation  measurements 
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FACE 


ri«,  14  -  Schematic  representation  of  TR-11  element  with 
accelerometer  locations 
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JUNCTION  BOX  ^ 
MOUNTED  ON  ARRAY 


Fig. 


15  -  Block  diagram  of  the  instrumentation  system  for 
obtaining  spring  deflections 
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17  -  Distribution  of  instrumented  elements 
in  the  array 
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to  22.5  degrees  below  the  acoustic  axis  of  the  source. 

The  transfer  function  between  the  Input  to  the  amplUlers  and  the  hydrophone 
output  was  measured  over  the  frequency  range  from  300  to  500  herta  for  two  types 
ol  signals,  continuous  wave  and  pseudorandom  sequences.  ContlnuoMS  wave 
measurements  wore  made  using  conventional  phase  and  amplitude  measuring 
Instrumentation  whereas  the  measurements  with  pseudorandom  sequences  were 
performed  with  a  cross-power  spectrum  analyzer.  The  cross-power  spectrum 
analyzer  was  also  used  to  obtain  correlation  functions  between  the  signal  Input 
and  acoustic  output.  Twenty  transducer  elements  were  Instrumented  with  accel¬ 
erometers  and  appropriate  instrumentation  was  provided  to  permit  monitoring 
of  transducer  element  spring  deflections,  since  the  transducer  springs  are  the 
critical  factor  limiting  the  allowable  power  Input. 

This  report  Includes  a  description  of  instrumentation,  test  procedures,  and 
analysis  of  the  methods  employed. 
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